tivity reactions may affect more than one third of treated patients. We report here 2 patients developing photosensitivity reactions with vandetanib therapy, including photoonycholysis. Our patients presented a wide range of phototoxic reactions with exaggerated sunburn reactions solely located to photoexposed areas or hyperpigmentation with visible blue dots. More importantly, both patients concomitantly developed nail changes consistent with type 1 photoonycholysis, which had never been reported so far neither with vandetanib therapy nor with other anticancer-targeted therapies. In addition, histopathologic findings and reflectance confocal microscopy imaging performed in one pa-
Introduction
Vandetanib is a novel orally available multikinase inhibitor targeting either epidermal growth factor receptor, vascular endothelial growth factor receptor, or rearranged during transfection proto-oncogene [1, 2] . This targeted therapy is now FDA-and EMA-approved for patients with locally advanced or metastatic medullary thyroid carcinoma [1, 3] . Although vandetanib therapy exhibits a favorable risk/benefit profile, systemic toxicities are common, including diarrhea, QTc prolongation, fatigue, and hypertension [4, 5] . Skin toxicities are also among the most prevalent adverse events and appear to be strictly related to the direct inhibition of targeted pathways in the skin and appendages [1] . Indeed, dermatologic adverse events occur in a large majority of treated patients, mainly in the form of papulopustular rash, hand-foot skin reaction, dry skin, hair changes, and periungual lesions (i.e., paronychia, pyogenic granuloma) [1, 2, 6] ( Table 1 ) .
Vandetanib, which is a low-molecular-weight molecule with a polycyclic structure containing unsaturated double bonds, can also induce photosensitivity reactions [1, 2, 5, 6] . Recently, a prospective study reported that photosensitivity reactions affected more than a third of patients, including severe reactions that had led to treatment interruption in roughly 15% of cases [6] . However, photoinduced manifestations of vandetanib have been described only sporadically to date, and dermatologic data on this topic remain scarce [1, [5] [6] [7] [8] [9] [10] [11] .
We describe here 2 patients who developed a wide range of photosensitivity reactions with vandetanib therapy, including photoonycholysis, which has never been previously reported with this drug.
Case Reports
Patient No. 1 A 70-year-old patient was treated with 300 mg once-daily vandetanib for metastatic medullary thyroid cancer. Two months after treatment initiation, he presented with a grade 1 photodistributed erythematous eruption involving the face and dorsal aspect of the hands (according to the National Cancer Institute, NCI-CTCae ( Fig. 1 a) . One month later, he developed mildly painful medial onycholysis involving all the fingernails. Conversely, the photoprotected toenails were not involved. Clinical examination revealed yellowish distal onycholysis and splinter hemorrhages, highly suggestive of a type 1 photoonycholysis typically sparing the lateral margins of the nail plate ( Fig. 1 b, c) . Treatment was continued and photoprotective measures were advised. At the same time, the central onycholytic nail plates were clipped away. After 3 months of intense sun protection (gloves), a clinical improvement of the nail lesions was noted ( Fig. 1 d) .
Patient No. 2
Three months after vandetanib initiation for metastatic medullary thyroid cancer, a 42-year-old patient was referred to our dermatology department with the recent occurrence of moderately painful nail lesions. Clinical examination revealed medial onycholysis of both thumbs ( Fig. 2 a) associated with a wide median erythematous strip on each of the other fingernails ( Fig. 2 b) . Early distal onycholysis of both forefingers was also identified ( Fig. 2 b) . Type 1 photoonycholysis was diagnosed. The patient also presented with a grade 1 papulopustular eruption involving the central part of the face and upper trunk. Finally, he exhibited a diffuse dusty blue-gray pigmentation over the whole face, the dorsal aspect of the hands and the neck, with visible blue dots ( Fig. 2 c) . Hyperpigmented lesions were strictly confined to photoexposed skin with well-demarcated borders adjacent to sunprotected areas. These pigmentary changes developed progressively after 2 months of vandetanib therapy. Prior to the progressive development of hyperpigmentation, the patient had had recurrent episodes of acute grade 2 photosensitivity in the form of 
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pruritic erythematous plaques, which were strictly localized to the same anatomic areas. Histologic examination with melanin staining of a skin biopsy specimen demonstrated marked melanin incontinence with the presence of numerous melanophages in the superficial dermis ( Fig. 2 d) . Reflectance confocal microscopy (using a MAVIG Vivascope 1500) of hyperpigmented lesions isolated numerous plump bright cells in the dermis corresponding to melanophages ( Fig. 2 e) . Vandetanib therapy was maintained and the hyperpigmented lesions faded gradually. The photoonycholytic lesions improved progressively with strict photoprotective education.
Discussion
Photosensitivity reactions are a common toxicity of vandetanib therapy, affecting more than a third of treated patients with 4-26% of grade ≥ 3, which can lead to treatment discontinuation [5, 6] . Along with the BRAF inhibitor vemurafenib, vandetanib is clearly the anticancer tyrosine kinase inhibitor most frequently involved in the induction of photosensitivity reactions [12] .
The most common form is an acute inflammatory photosensitivity reaction, which remains strictly limited to sun-exposed areas, as shown by our two patients. Several days or weeks after treatment initiation, photosensitivity can manifest as an exaggerated sunburn response, a burning sensation, or a more severe reaction with edema and blister formation [6, 9, 13] . The clinical presentation of a vandetanib-induced photosensitivity reaction is suggestive initially of a phototoxic mechanism [14] . However, several late-onset reactions have also been reported and a photoallergic origin cannot be totally ruled out [7, 11, 13] . Sporadic reports of photosensitivity occurring through window glass-filtered sunlight suggest that UVA radiation is the main triggering factor [2, 6] . In the same way, available in vitro data are also in favor of a phototoxic UVA-based mechanism [15] . Indeed, Salvador et al. [15] recently demonstrated in a human keratinocyte cell line irradiated with UVA that vandetanib itself induced a dose-dependent phototoxic mechanism. It has been postulated that this phototoxic damage could be mediated by the formation of a very reactive species (aryl radical) inducing a secondary interaction with DNA and cell apoptosis [15] . Conversely, photoproducts obtained after the loss of a vandetanib bromine atom following UVA photodegradation did not contribute to this phototoxic reaction [15] . Furthermore, well-demarcated skin hyperpigmentation is also commonly observed in roughly 20% of patients treated with vandetanib therapy [6] [7] [8] [9] [10] . Different types of isolated or combined hyperpigmentation can be seen: blue-gray hyperpigmentation, diffuse brown pigmentation, or, as reported in our second patient, perifollicular dark blue-gray macules in the form of blue dots, which are the most characteristic pigmentary changes observed with vandetanib therapy [10, 12, 16] . In all cases, these pigmentary changes remain strictly confined to UV-exposed skin areas with clear borders with non-photoexposed skin. Vandetanib-related hyperpigmentation mainly develops following inflammatory photosensitivity [6] [7] [8] [9] 11] or acne-like reactions [10] , as in our second patient. Nevertheless, hyperpigmentation was associated with a prior or concomitant photosensitivity reaction in only 50% of patients in the prospective series of Giacchero et al. [6] . This might be due, at least in part, to unnoticed low-grade photosensitivity reactions [6] . The pathophysiology of vandetanib-induced skin hyperpigmentation remains unclear, but it may be caused by accumulation of the drug, drug metabolites, iron, or complexes of drug and melanin in the skin [10, 12] . Melanin incontinence with the presence of melanophages in the dermis is, however, the most frequent histopathologic change reported in this context [7] [8] [9] 11] . In the same way, reflectance confocal microscopy imaging performed in our second patient was consistent with these histopathological findings. These features strengthen the likelihood of a postinflammatory origin in most cases. More specific photoinduced manifestations have also been described with vandetanib therapy, including a single observation of subacute cutaneous lupus erythematosus [6] or several cases of lichenoid photodermatitis [6] [7] [8] 11] ( Table 1 ) . Likewise, photodistributed erythema multiforme has been previously described in two patients [6, 17] . Phototesting performed by Caro-Gutiérrez et al. [17] showed a reduced minimal erythema dose for UVA (<1 J/cm 2 ) without modifications in UVB phototests. We report here two cases of typical photoonycholysis induced by vandetanib therapy, which has never been previously described to the best of our knowledge. Photoonycholysis represents an unusual manifestation of acute phototoxicity [14] . It can occur following drug intake but also with different forms of porphyria or pseudoporphyria [18] . Tetracycline derivatives, psoralens, fluoroquinolones, and, less commonly, chloramphenicol, oral contraceptives, chlorpromazine, voriconazole, thiazide diuretics, and griseofulvin are the most frequently incriminated drugs [18] [19] [20] [21] . However, photoonycholysis has never been previously reported with anticancer-targeted therapies [22] . Photoonycholysis generally develops several weeks after a phototoxic skin manifestation [18] , as in our two patients. Nevertheless, it can also appear independently, without any preexisting cutaneous phototoxic reaction [18] . Four types are individualized, without apparent relationship with the causative drug [18] . Our two patients exhibited the most common form, type 1 photoonycholysis, which typically involves several fingernails together and leads to a very suggestive halfmoon-shaped appearance sparing the lateral parts of the nail plate [18] . Several reasons may be advanced to explain why fingernails represent a privileged target for photodamage: firstly, the nail plays the role of a convex lens, focusing UV rays; secondly, nail bed melanin is reduced and does not provide strong protection against UV radiation; thirdly, the absence of stratum granulosum and sebaceous glands in the subungual area may not prevent UV transmission [14, 19] . This nail complication is usually painful, as noted in our patients [19] . The etiology is unknown, but capillaries, terminal vessels, and glomus bodies could be involved in this symptom [18, 19] .
In conclusion, vandetanib can induce a wide spectrum of photosensitivity reactions and patients should be closely monitored accordingly. This should also include a systematic examination of fingernails. Patients should receive strict instruction about photoprotection from the initiation of vandetanib therapy, including the avoidance of direct sunlight, protective clothing and nail polish, and broad-spectrum UVB/UVA sunscreens. In addition, photoprotective measures should be maintained throughout the duration of treatment because late-onset UV-induced reactions may also appear with vandetanib therapy [6, 11] . This can improve patient's health-related quality of life and promote treatment compliance by restricting dose-limiting toxicities.
